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（厦门大学 材料学院，厦门 361005） 
摘  要：目的 在钢铁表面制备超疏水复合涂层，提高其耐蚀性能。方法 利用两步法，将 45#钢片放在简单
的镀锌溶液中（40 g/L ZnCl2，200 g/L KCl，20 g/L HBO3）进行直流电沉积，调节电沉积时间和电流密度，
在钢片表面获得具有一定结构差异的镀锌层，然后使用 0.05 mol/L 的硬脂酸改性得到复合涂层。测试该涂层
与水的接触角，使用 SEM、XRD 和 FT-IR 等技术对它们的形貌和化学组成进行表征和分析，通过测试极化
曲线评价涂层的耐蚀性能。结果 随电沉积时间的延长和电流密度的增大，45#钢表面水的接触角先升高后降
低。当电流密度为 6 A/dm2，电沉积时间为 20 min 时，在钢片表面成功获得团簇颗粒状的微纳结构镀锌层，
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Preparation and Corrosion Resistance of Superhydrophobic  
Composite Coating on Steel Surface 
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ABSTRACT: The work aims topreparesuperhydrophobic composite coating on steel surface andimprove its corrosion resis-
tance. The two-step method was used to put the 45# steel sheet in a simple galvanized solution (40 g/L ZnCl2, 200 g/L KCl and 
20 g/L HBO3) for direct current electrodeposition. The electrodeposition time and current density were adjusted to obtain zinc 
coatings with certain structural difference on the surface of the steel sheet. Then the composite coating was obtained by the 
stearic acid of 0.05 mol/L through modification. The water contact angle of the coating was tested. Scanning electron micros-
copy (SEM), X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FT-IR) were employed to investigate the 
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morphology and chemical composition of the coating. The corrosion resistance of the coating was evaluated by testing the po-
larization curve. The water contact angle of the surface of 45# steel increased first and then decreasedwith the extension of 
electrodeposition time and increase of current density. When the current density was 6 A/dm2 and the electrodeposition time was 
20 min, the micro/nano structure galvanized layer on the steel sheet was successfully obtained. The average particle size was < 
20 μm, the thickness of the coating was 40~50 μm. The hydrophobic coating obtained after modification hadthe water contact 
angle of 155.4 degrees, and the self-corrosion current density of the composite coating wasreduced by an order of magnitude. 
The zinc coating with micro/nano roughness structure can be prepared in a simple galvanized solution by adjusting the 
electrodeposition time and current density. The composite coating with super hydrophobic properties is obtained after 
modification. The composite coating has both sacrificial anode and superhydrophobic properties and can effectively improve the 
corrosion resistance of the coating and protect the steel. 




































的工作进行了报道，Liu 等人[11-15]分别在 Fe、Cu、 


















1  试验 
1.1  材料和试剂 
实验基体材料为 45#钢，主要化学成分为：C 
0.37%~0.45%、 Si 0.17%~0.37%、Mn0.5%~0.8%、 
S0.17%~0.3%、P≤0.035%、Cr≤0.25%、Ni≤0.25%、





1.2  超疏水涂层的制备 
用直流电源（Keithley2260B，泰克科技（中国）
有限公司）在室温条件下（25 ℃）进行基体表面电
沉积。将 10 g氯化锌、50 g氯化钾和 5 g硼酸溶解在
250 mL 的去离子水中，搅拌均匀，制备得到电沉积
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溶液，用 1 mol/L盐酸溶液调节 pH至 4.0。将 45#钢
（20 mm×20 mm×10 mm）用 400#、800#和 1200#砂纸
依次打磨，然后放入无水乙醇中超声清洗 10 min，再




箱中 80干燥 1h，取出放入改性溶液中浸泡 3 h，再
取出放入真空干燥箱中 80干燥 30 min，得到超疏水
表面。 














系进行，大小为 20 mm×20 mm的样品作为工作电极，
铂电极为对电极，饱和 Ag/AgCl电极作为参比电极。
测试前样品先浸泡在 3.5%NaCl 溶液中静置 5 min，
使开路电位达到稳定。测试在室温下进行，扫描速率
为 10 mV/s，获得动电位极化曲线。用可控湿度循环
腐蚀盐雾箱（Q-FOG CRH600-HSC，美国 Q-Lab 公
司）评价涂层的耐蚀稳定性和疏水稳定性。 
2  结果与讨论 
2.1  电沉积参数对镀层表面形貌和疏水性
的影响 
图 1 为不同电流密度下经过 20 min 沉积得到的










图 1  不同电流密度下沉积 20 min得到的镀 Zn层结构 SEM图 
Fig.1 SEMimages of the zinc coatings obtained at different electroplating current densities after a depositiontime of 20 min 
 
图 2为以 6 A/dm2电流密度进行不同时间的电沉
积得到的镀 Zn 层结构 SEM 图。电沉积时间在 5~ 
20 min时，表面都分布有团簇球状颗粒结构，且团簇
颗粒随时间逐渐增大，使镀 Zn 层表面结构越来越粗







密度为 3 A/dm2时，改性后的镀层表面仅为疏水结构，  




图 2  以 6A/dm2电流密度电沉积不同的时间得到的镀 Zn层结构 SEM图 




图 3  水的接触角随电流密度和沉积时间的变化关系 
Fig.3 Variation of contact angle along with electroplating  
time and the current density: a) contact angle-current  
density; b) contact angle- electroplating time 
 
提高电流密度后沉积的样品均为超疏水结构。沉积电
流密度为 6 A/dm2时，接触角达到最大，这与图 1中














2.2  样品表面结构的表征 
图 4显示了最佳参数（电流密度为 6 A/dm2，电
沉积时间为 20 min）下沉积前后样品的 SEM表面形
貌和截面图。在最佳的电沉积工艺条件下，得到了均
匀分布的团簇颗粒粗糙结构，平均粒径小于 20 μm（图
4b和 c），沉积层厚度约为 40~50 μm（图 4d），相
较于抛光基体的接触角 76.2，颗粒状结构表面的接
触角提高到了 155.4，达到了超疏水，表明此镀层具










图 4  基体经电沉积前后表面的 SEM图像 
Fig.4 SEM imagesof the substrate surface before and after electroplating: a) substrate surface before electroplating; 




图 5  样品表面镀锌层改性前后的 SEM图像 
Fig.5 SEM imagesof zinc coating on sample surface before(a) and after(b) modification 
 












红外光谱。可以看出，在 2848 cm1和 2918 cm1处出
现的两个吸收峰分别为—CH2—和—CH3 的对称和反








图 6  45#钢基体、沉积锌层和经硬脂酸改性 
之后的沉积锌层的 XRD图谱 
Fig.6 XRD patterns of the 45# steel substrate/electrodeposited 
zinc coatingand electrodeposited zinc coating  




图 7  样品表面镀锌层改性前后的 FT-IR谱图 
Fig.7 FT-IR spectrum of electrodeposited zinccoating on 
sample surface before and after modification 
 


























图 8  45#钢基体、镀锌层试样和复合涂层试样的极化曲线 
Fig.8 Polarization curvesof the 45# steel substrate,45# steel 
substrate with electrodeposited zinc coating and45# steel 




图 9  盐雾试验不同时间涂层表面形貌 
Fig.9 Surface morphologies of coatings at different  
time during salt spray test 
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